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Chapter
The Prime Building Need
It has recently come to be realised that the history of architecture is
not the story of steady progress towards a single goal, but rather a series of
differing experiments each intent on satisfying contemporary needs; varying
thus, for example, from the history of medical science and being more like that
of political economy. Due largely to the fusion of the work done in the 19th
century by Viollet-Le-Duc, Ruskin and others it became possible at the same
time to acknowledge that each of these experiments was conditioned by a number
of factors whose combination tended to influence the shape and purpose of the
buildings we now see.
Architecture at any given time may thus be likened to a living organism
whose function is dependent on the interaction of a multitude of related parts.
As in the organism, so in architecture, however, there is one factor which,
though related to and affected by the remainder, yet significantly guides the
resultant whole. In the case of architecture that factor may best be defined
as the dominant philosophy of the age; namely that body of knowledge which an
age formulates or accepts to explain the phenomena surrounding it and which at
the same time characterises it most. Architecture, being its corollary, inevit-
ably finds its fullest expression in the building type to whose purpose this
philosophy is most closely related. It is this building type, catering for the
needs which its contemporaries consider most important and expressing its time
clearest, which, by analogy, might be termed the dominant building of the age.
Temple and theatre, baths and forum, basilica, cathedral, palace, mansion - may
thus be said to describe the locus of architectural importance in the history
of European architecture up to the 19th century.
Whether the dominant philosophy controls architecture, as has just been
postulated, or whether as Sir Herbert Read has suggested in the Norton lectures
for 1953-54, the dominant philosophy is itself created or at least influenced
by art, is for the moment unimportant. The essential point is that a relation-
ship exists and can be demonstrated. History provides innumerable examples and
three have been chosen here almost at random to illustrate this particular
interaction.
The history of Ancient Egypt furnishes the first. The monotony of its
architecture has long been a by-word to historians; for three thousand years
an unbroken tradition governed by the inundations of the Nile and a simple be-
lief in a complexity of all-powerful gods ensuring immortality to the favoured,
expressed itself in temple and funereal architecture. During the whole of this
time history can discover only one rebel, the Pharaoh Ikhnaton. In the four-
teenth century he made an attempt to introduce a monotheistic form of worship
an d to create a new way of life which, by contrast, should value individualism
and the joy of living. Almost at once the house becomes an important feature
of Egyptian architecture. The chief examples are at Tel-El-Amarna which
Ikhnaton founded as an expression of the new thought. Ikhnaton's revolution
was however a failure. The old order was restored under Tut-ank-Amun and with
it temple and tomb architecture. It is interesting to note here, almost as an
epilogue to egyptian history, that when the Nile valley was conquered in 650
A.D. by religious fanatics again preoccupied with the notion of death, the
temple, now the mosque, became once more the prime building need. It is not
surprising therefore to find that the Muslim conquerors when they robbed the
pyramids of Gizeh of their surface coating of polished sand stone used it not
for any palaces they might have built on the banks of the Nile but for the
mosques of Cairo. On the other hand modern Cairo, until recently - worldly,
monarchic, capitalist - builds palace, opera house and flats for the bourgeoisie.
The transition from the late Roman society of the Hellenic world to the
Christian societies of the West and East provides the second illustration. If
Rome held any beliefs, its principal one was surely that of its own supremacy
and certain destiny. Institutions which gave added importance to either the
Roman or his society were thus considered vital. The baths catering for the
ostentatious physical and social ritual of the patrician, and the law courts,
at the edge of the Forum, investing for perhaps the first time in history the
functions of government with a certain architectural dignity, were two such
institutions. When however belief in government and empire was supplanted by
fervent belief in God, the place of worship naturally became the dominant build-
ing. In the West the structural form of the basilica was accepted and adapted
to the new function; in the East, under Orthodox Christendom, that of the baths
was combined with certain developments of the Near East and modulated until it
triumphed in the church of the Haghia Sophia. In the West the basilica was
further developed, thanks to the impetus which the Church received from the Crus-
ades and the reforms and the reorganisation of the Hildebrandine Papacy, into
the cathedrals of France and England which were to be the dominant building of
the Middle Ages; so much so that when after the Black Death there was a short-
age of masons in England, only cathedrals and colleges could employ them with-
out the King's leave. As in the previous example, the Muslim world again prov-
ides a postscript. When the civilisation of the East Roman Empire was absorbed
by that of the Ottoman, equally religious and monotheistic, it was possible for
the 'Osmanlis not only to convert Haghia Sophia and the other churches of the
empire to their own use but to build the mosques of Constantinople on their
model.
The gradual emergence of the Renaissance from the Medieval world has been
chosen as the final example. For almost a thousand years the thought of West-
ern Europe had been centred on the belief in the fatherhood of God and by corol-
lary - in theory at any rate - a universal brotherhood of man resulting from a
single and special creation of mankind. Coupled with this was the traditional
acceptance of the cosmogony defined in Genesis and the clearly ruled out scheme
of existence laid down by St. Augustine. This body of dogma was unquestioned
throughout almost the whole of the period; neither Church nor State encouraged
enquiry. Towards the beginning of the 15th century however the rigidity of the
accepted dogma began to be undermined by the gradual accumulation of economic
and technical changes and the introduction into Italy of the Byzantine spirit of
enquiry, first through Athens, then administered by the Florentines, and later
by the events following the capture of Constantinople; the discovery of America
dealt it the death blow. In the succeeding hundred and fifty years the Renaiss-
ance spread to France, the Low Countries, England, Germany and Scandinavia. Its
effects varied from place to place. In Italy where the Church was able to keep
a partial grip on men's loyalty, building activity was, as in Florence, for
example, divided between palaces and cathedral. Tudor England on the other hand
not only ceased to build churches but destroyed existing ones to furnish material
for the homes of its aristocracy and rising merchant class and to endow the lay
collegiate establishments from which it was to draw its strength. It is interest-
ing to note for example that Bannister Fletcher, the standard authority, does not
list a single church built in England between 1558 and 1625. Even where despite
a noted neglect of public worship and a marked irreverence on the part of the
clergy, churches continue to be built alongside temporal buildings, the new
dominant philosophy has a profound effect on their planning and appearance.
The changed relation between the 7laity and the clergy makes the lohg Gothic
cathedral undesirable. Not until the architecture of the Counter-Reformation,
the Baroque, is reached responding as in Central Europe to the nearby challenge
of Protestantism, does the church again become a prime building need.
Whatever may have influenced the structure or decoration of the buildings
considered, their choice as the principal buildings of their age was, as can be
seen from the examples, largely controlled by the beliefs of their contemporaries.
Mat influence these beliefs in turn had on the details of planning and appear-
ance, on style, is for the moment irrelevant, as is the reciprocal effect of
style on thought. It is more significant that before the 19th century there was
seldom, if ever, a conflict between the building need which arose out of the
dominant philosophy and that which might, in retrospect, be considered socially
necessary. The results of the Industrial Revolution furnished the first dilemma.
The changed conditions which came about from the effective cooperation of
capitalism and mechanisation with their emphasis on concentrated units of pro-
duction linked to world-wide distribution, necessitated firstly the erection of
factories and then that of means of communication - railroad stations, bridges,
tunnels, harbours. Simultaneously there arose a new self-confidence and cert-
ainty of the future which, somewhat as in the later days of Rome, expressed it-
self architecturally in England in the building of clubs, first becoming import-
ant as institutions after Waterloo, and on the Continent in that of theatres and
operas.
Before this time, that is until the end of the 18th century, the home of the
labourer and craftsman had been the cottage. Simple, possibly unhygienic but
seldom more so than the house of the merchant or the palace, it had satisfied
basic human needs* Even in the walled medieval town the fields and gardens came
right up to the buildings and many of the physiological functions were performed
out-of-doors. Cleanliness and privacy, two essentials neglected by the builders
of the 19th century, were, even if it mea t going outside the house, almost al-
ways attainable. The urbanisation of the poor during the Industrial Revolution
completely destroyed this situation.
The slums of the towns were the new reality. The mill hands and miners
lived, surrounded by an oppressive urban desert, in houses where a single room
held a family in each of its four corners and the cesspool was below the board-
ed floor. Cholera broke out in England in 1832 and again in 1848. It was
possible for a Poor Law Commissioner to write that ."the prisons were formerly
distinguished for their filth and bad ventilation; but the description given
by Howard of the worst prisons he visited in England (which he states were
amongst the worst he had seen in Europe ) were exceeded in every wynd in Edin-
burgh and Glasgow inspected by Dr. Arnott and myself. More filth, worse physic-
al suffering, and more moral disorder than Howard describes are to be found
amongst the cellar populations of the working people of Liverpool, Manchester,
or Leeds and in large portions of the Metropolis."
The house of workman was not the dominant building of the 19th century; nor
has it become that yet. A frightening death rate and an alarmed conscience have
sent the worker from the urban slum into the sub-urban housing estate, but they
have not yet given him a home - the dominant philosophy has not changed suffic-
iently for that. Ever since the Renaissance and particularly since the end of
the 18th century, the guiding thought of Western Europe has been based largely
upon systems of economics. These have varied from time to time, from the advent-
urous and possible romantic schemes of the Elizabethans to the pious hopes of
the Victorians in eternal prosperity, all of which, until recently at any rate,
were designed to perpetuate a capitalist form of society. Today's conception
of the everyday world is still governed, with some notable exceptions, by an
economic viewpoint.
Orthodox political opinion sees two alternatives only for the social and
economic set-up of modern society : capitalism and marxian socialism. Capital-
idm being conceived as an individualistic form of society fostering private
enterprise, guaranteeing certain minimum civil and ideological rights to each
person but no specific economic rights. The dominant group, wielding state
power and obtaining on a percentage basis a major share of the national income
and thus of goods and services, is considered to be composed of the bourgeois
class, the manufacturers, landowners, rentiers, etc. Socialism on the other
hand being viewed as a classless form of society ensuring an equitable distribut-
ion of wealth by not allowing the property rights of any instrument of product-
ion to be held by an individual or group, It is also assumed that the whole of
this society is composed of the "working class" and that there is thus no domin-
ant section.
To these clear cut alternatives James Burnham has added a third, managerial
society. This he defines as a political and economic set-up in which neither the
proletariat nor the capitalists nor the bourgeoisie are the dominant group but
the managers, this new class consisting of "operating eecutives, production man-
agers, plant superintendents", the higher grade civil servants of nationalised
industries, industrial scientists and so on. Though the, instruments of product-
ion are state-owned, the managers, being the ruling class within the state, gain
preferential distribution of goods and services. Managerial society has thus
certain features found both in capitalism and socialism but is distinct from both.
Furthermore Burnham believes that it is towards this form of society that both
capitalist nations and the one socialist experiment are tending. It would be
comparatively easy to document the progress which the managerial revolution has
;ade in Europe, the Soviet Union, India or the USA if space permitted.
It may yet be too early to say toward which, if any, of these three altern-
atives our societies are moving. On the evidence available at the moment it is
however difficult to deny that the theory of the managerial revolution appears
the most likely. Moreover recent changes in architecture seem, if anything, to
corroborate the theory.
The effects may be seen in both the manner of building organisation and the
choice of building types. Until not so long ago competitive tendering was almost
universally adopted; it was a system typical of capitalist organisation and
worked successfully within its framework. In some countries however regulation
of the cost and supply of materials as well as factory production and the employ-
ment of specialist sub-contractors, each so characteristic of managerial society,
have tended to make competitive tendering less common. Its place is frequently
being taken there by either the cost-plus accounting system or the target contract.
Both methods alter the present relation between client, architect and builder and
require for their effective working an organisation in which production managers,
scientists, key industrial workers and architects are all of particular importance.
As regards building types, it is obvious that despite the gradual change over from
capitalism, the home, in its widest sense, did not become the dominant building.
On the other hand it is not entirely accidental that in the U.S.A. and England a
high proportion of contemporary design was before the war associated with organis-
ations typical of managerial society, the Tennessee Valley Authority and the
London Passenger Transport Board. Or indeed that where the managerial revolution
has made little progress, as in Denmark for example, the greatest emphasis can
be found on the home whatever one's opinion of its architectural merits.
It is in the field of biology that the most significant opposition to this
line of thought can be found and from which a new outlook no longer centred on
economics is most likely to arise. The most notable facts established by the
recent study of human biology are the significance of the relation between man
and his environment and the conception of the family, rather than the individual,
as the fundamental unit of life. Both demand a new sense of responsibility and
a considerable change of outlook; both have the widest implication on planning
from economic priorities to the disposition of bedrooms.
It is largely due to the work of two groups that this life-centred philos-
ophy has made any headway - Patrick Geddes and Lewis Mumford, and the Medical
Directors of the Peckham Experiment, Innes Pearse and Scott Williamson. In his
"Culture of Cities" Mumford made an eloquent appeal for a life economy, a bio-
technic order, laying particular emphasis on the new conception of the home as
"primarily a biological institution" properly related to school, community
centre and workshop. In the later "City Development", discussing his case in
terms of post-war housing, he again pleads for a belief in the primary importance
of the family, given which "the whole 'problem of housing' would be stated in
quite different terms". Seven years before the publication of the "Culture of
Cities" Pearse and Williamson wrote their "Case for Action". In it they docu-
mented the effect of environment on man from infancy to marriage and emphasised
the importance of the home of which they wrote that "it is necessary to define
the sphere implied by the word 'homet used in a biological sense. It does not
stand for a mere structural unit, the small area enclosed by bricks or concrete
that usually comprises the dwelling-house of the artisan to-day. Home represents
the functional field the limits of which are determined by the range of the par-
ents' free activity." It is this conception of home in its widest sense, a free
and real association composed of house, workplace, school and community areas
which needs translation into the contemporary dominant building.
In our society it is inevitably the town which is the important field of
interaction. An industrial community - even assuming the use of automatic factor-
ies - demands the grouping of comparatively large numbers of people. How dense
this grouping will become depends on modes of transport, social and economic press-
ures or governmental planning. Whatever its density it does become the area of
the "parent's free activity", the most significant unit of social interplay. Thus
it is the town as a whole, the town as home, which must become the essential build-
ing need. That the "dominant building" of this century should not be a single
structure but a large association, is in complete accord with the enlargement of
scale created and made possible by post-Industrial Revolution techniques.
Chapter II
The Structure of Buildings
At each stage of history the dominant building has used the current tech-
niques available and in turn modified them through use. Unlike the history of
architecture however that of building technology is one of continued progress,
of increasing mastery of space, so that each dominant building of the past had
a different technology at its disposal. Some of the structural techniques
which were available are briefly discussed in the ensuing section.
It can be taken as axiomatic that every structure rising from level ground
and under the action of gravity must have one, and at least one, compressive
member : any remaining members necessary for stability may be either in tension
or compression. For a given force within the elastic limit the size of tensile
members is determined by their modulus of elasticity, the size of compressive
members by crushing strength and radius of gyration resisting buckling. As a
result of these considerations, the characteristics of members in tension are,
in terms of appearance, slenderness and a certain degree of movement, of those
in compression, mass and maximum rigidity.
The two most primitive structural forms common in architecture *which illus-
trate this contrast are the tent and the igloo. They also show that the partic-
ular characteristics of compression and tension were known and employed from the
earliest times. However, of the structural materials available up to the time
of the Industrial Revolution only timber was stronger in tension than compress-
ion. It was though found quite impossible to exploit fully the tensile possi-
bilities of wood as the methods of jointing invariably depended on putting
timber in shear and the size of members was therefore determined not by their
working strength in tension but their ability to resist shear at the point of
connection. It was this factor which necessitated the bulky members usual in
traditional timber trusses rather than lack of experience, for it must be re-
membered that during the great building periods of pre-renaissance history, both
Roman and Gothic, complicated and ingenious timber scaffolding was in use. Perm-
anent timber structures which have survived show that these limitations were well
remembered and the fact that the compressive value of timber even perpendicular
to the grain is higher than that in shear, exploited. The roof of Westminster
Hall in London, with a clear span of 68 feet, one of the largest timber spans
of the Middle Ages, was, for example, designed to have all its joints in com-
pression.
Two other materials which however were used structurally less frequently in
architecture, rope and wrought iron, were also stronger in tension than compress-
ion. Where rope was used extensively, as in shipbuilding, structures having few
compressive members were continually developed until in a fully rigged ship naval
architects may be said to have created a tensile scaffolding in the sky. Simil-
arly in the Far East where architecture was allowed to be more flexible and
ephemeral, rope, mainly bamboo fibre with its high tensile strength was used to
build the. typical Chinese catenary suspension bridges. An arrow with a string
attached to it was shot across the gorge and the rope taken over afterwards.
The most famous of these suspension bridges was on the Min River and was part
of an irrigation scheme dating from 270 B.C. Each span measured 200 feet. It
was also in China that wrought iron first received structural employment, for a
wrought iron suspension bridge is known to have existed at Chingtung in Yunnan
well over a century before the design of iron suspension bridges was even con-
sidered in Europe.
The absence of tensile materials led in the west to the continuous development
of what might be termed compressional architecture. Vast spaces such as the
Pantheon, the 83 foot wide throne room at Ktesiphon or the central area of St.
Sophia could only be built by creating compressive members of quite exceptional
size; the 142 foot dome of the Pantheon is carried on walls 20 foot thick, the
arch of the Sassanian palace buttressed by walls 24 foot across and the dome of
St. Sophia 107 foot wide carried on piers 25 foot by 60 foot.
In Europe this development reached its most articulated form in the cathed-
rals of the Middle Ages in which an attempt was made to concentrate structural
forces at right angles to the building so that the actual envelope could be as
open as possible. Though an intricate three diaensional effect was achieved it
consisted basically of the juxtaposition of pierced vertical planes at right
angles to each other. Further structural development required wider scientific
knowledge both in terms of space geometry and statics and the invention of new
materials. This knowledge the Renaissance began to provide.
As in so many other fields of scientific thought, Leonardo da Vinci was the
first to formulate some of the problems. By discussing the concept of force and
considering the properties of the parallelogram of forces, Leonardo may be said
to have established the study of mechanics. It thus became possible for Simon
Stevin working in the Netherlands, a century later, to think of force as a vector
and to begin to employ the methods of graphical analysis which were to be so
fruitful in the 19th century. It was left to Galileo to perform experiments
which had immediate potential application in building. Prevented by the Inquis-
ition from further study of astronomy, Galileo devoted his last years to a work
on mechanics in which he employed for the first time the concept of moments. He
came to the correct conclusion that the resistance moment of a rectangular beam
was directly proportional to the width but varied as the square of the depth,
though he erroneously placed the neutral axis at the bottom of the beam and
computed the value of the resistance moment as bd2A, that is to say three times
its correct value of bd2/6 As a result of this preparatory work Hooke and Ber-
noulli were able to do their researches into elasticity, Parent to find the
correct value of the resistance moment of a rectangular beam and, very much later,
Euler to make his important contribution on the buckling of struts. This body of
work together with certain mathematical concepts such as that of maxima and mini-
ma and of minimal deformation and certain practical tables such as those of Hooke
or Parent for oak and pine beams published in 1707, formed the bulk of the avail-
able knowledge and part of it was known to a handful of the more scientifically
minded architects of the Renaissance.
During this time, that is to say from the 15th century onwards, the dome
seems to have been both a technical challenge and an aesthetic necessity. Its
design often led to the scientific use of tensile materials. Brunelleschi was
only able to fulfil his ambition of putting a donie on a drum over S. Maria del
Fiore in Florence by incorporating a wooden chain at the springing. This chain,
mentioned but not described by Vasari, acted as a tensile ring carrying most of
the horizontal thrust. The same principle was used by Giacomo della Porta and
Domenic Fontana at St. Peter's where three iron rings were built in and of
course by Wren who employed a wrought iron chain at St. Paul's. A further five
14ings were added to St. Peter's in the middle of the 18th century after an exhaus-
ive analysis of the faults had been made; an analysis which incidentally provoked
a celebrated scientific controversy of the time during which it was still possible
to say that as Michelangelo knew no mathematics and was yet able to design the
dome, so its restoration did not need the help of mechanics or mathematicians.
The real practical technologists of this period were however the clock and
instrument makers of the 17th and 18th century. Apart from their interest in
the production of metal springs they fashioned in miniature a large number of
devices in wood and brass, many of them newly invented, which were to be used
later on the large scale machinery of the Industrial Age. Moreover they built
up a tradition of skill and invention which had far reaching results on late 18th
century technics. It is symptomatic of the period that when Watts wanted to have
his first steam engine built, he went to an instruments maker.
The scientific knowledge accumulated during the latter half of the Renaiss-
ance could not really come into its own until it could be applied to materials
amenable to analysis. This meant that the materials had to conform to a degree
of uniformity which made some approximation between calculated and actual behav-
iour possible. Wrought and cast iron, two long known and manufactured materials
which were brought into widespread use as the result of the scarcity of timber
and the exacting demands made on materials towards the end of the 18th and the
beginning of the 19th century, were the first to answer the problem.
This combination of mathematical theory with new technical processes and.
organisation revolutionised the potentials of the building industry in a start-
lingly short period of time. The first cast iron bridge in Europe, having a
span of 100 feet, was put up at Coalbrookdale in England in 1776; by 1801 it
was possible for Telford to plan, using moreover an acknowledged and patented
system, a 600 foot single span bridge over the Thames. For over a thousand
years masonry structures - other than bridges - had spans whose upper limit was
about 140 feet, but by the middle of the 19th century spans surpassing that of
St. Peter's became commonplace : 1846 - Lime Street Station, Liverpool, 152 feet;
1854 - New Street Station, Birmingham, 212 feet; 1865 - St. Pancras Station,
London, 243 feet; spans which were achieved with a great economy of material
by the design of shallow trussed metal arches in which components were clearly
differentiated and each made of the material most suitable : those in tension
of wrought iron, those in compression of cast.
Progress in tensile structures now also became possible and proceeded at
an exceptional rate. Suspension bridges which had been a rarity during the Re-
naissance and which were used occasionally in the 18th century became general
at the turh of the 19th. James Finley built a chain suspension bridge in 1796
and by 1810 they were numerous throughout the United States. In England Samuel
Brown erected a whole series starting in 1819 of which his Union Bridge at
Berwick-on-Tweed was the most famous. About the same, time Telford was building
his two important suspension bridges at Bangor over the Menai Straits and at
Conway Castle. The first wire suspension bridge of any size was built at Geneva
in 1822-23 by Dufour and Seguin and had two spans of 130 foot each. Only ten
years later Chaley erected a spectacular suspension bridge over the Saane at
Fribourg in Switzerland which spanned 810 feet. It originally consisted of four
cables each composed of 1056 3mm wires with a 21 foot wide wooden platform sus-
pended between them. And only a quarter of a century after the first bridge at
Geneva it was possible for Charles Ellet to build a 1010 foot span over the
Ohio near Wheeling in West Virginia.
Yet further developments were made at once possible by the introduction
of the Bessemer process in 1855 which opened an era whose most startling monu--
ments occurred at the Paris Exhibition of 1889 - the Eiffel Tower and the
Galerie des Machines. This period of high-Victorian prosperity and sheer space
conquest gave way in turn to what might perhaps be dated as the most recent
phase in building technology.
This, the most recent phase, is characterised by extreme economy of means,
lightness of structure and the use of isotropic materials whose behaviour can
be forecast with a high degree of accuracy. It is a movement made possible by
the introduction of exceptionally strong steels, of aluminium and its numerous
alloys and of plastics. This movement moreover can be discerned over the whole
field of technics and it had its widest application in the aircraft industry
where the design of strong yet light structures was vitally important. The
movement demands however for its fulfilment the full use of the industrial pro-
cess, that is to say the concentration of the means of production by power tools
within a controllable area, a process which showed itself as early as the 17th
century in the textile industry but is only now affecting the building trade.
At the same time new methods of mathematical analysis are being developed,
the most significant of which is perhaps that the effect of time oni structures
is being considered. A structure is, as D'Arcy Thompson says of natural forms,
an event in space-time and its behaviour has been found to conform to certain
plastic laws; in other words the concept of dynamics has been introduced into
building calculation.
Probably the most noteworthy feature of the present phase is that with the
exception of clay products most building materials in general use are stronger
in tension than compression. Or, to put it another way, that a large number
are "too strong" in compression, that is to say that the size of the strut is
governed by slenderness ration- rather than maximum permissible fibre stress.
If therefore the latent strength of materials is to be fully used new design
solutions become necessary.
The suspension bridge, the classic tensile design, shows many of the
characteristic features of the now generally possible tensile structures. Its
dead load to span ratio is very low and it thus became the only practical method
of spanning exceptionally wide distances. Erection is on the whole easy, as
normally there is no scaffolding required; after the first light element has
been taken over (as by a kite at Clifton) chains or cables can be slung
between the towers and the deck placed without requiring support from below.
Moreover the clear separation of tensile and compressive components makes, aero-
dynamic considerations apart, computation comparatively simple and observed and
calculated behaviour conform reasonably closely.
The most important feature of tensile structures in general is however the
ease with which they are able to collect forces at a small number of points,
the compressive componeits, without at the same time making the intervening
members bulky; a fact which creates a new freedom of space articulation. It
is significant that when Le Corbusier designed the Temps Nouveaux Pavilion he
used a tensile structure to support a weather-proof envelope under which he was
able to dispose his exhibition elements at will. It is precisely this ability
of tensile structures to hold up with maximum economy a climatic filter which
is most likely to have far reaching effects on the organisation and appearance
of buildings.
In terms of organisation this is in a way a return to the oldest of
tensile structures, the tent - a moveable light-weight weather-proof cover
which served as shelter for a large variety of activities. Under today's tech-
nology the size of the ttent" is almost limitless; it becomes a transparent
umbrella which by acting as climatic filter only, divorced from the load bear-
ing structure, allows of a continually changing arrangement of spaces underneath
it by the quick assembly of machine-made space dividing and service components.
In terms of appearance an equally radical change is foreshadowed. Masonry
structure was almost by nature three dimensional, space carved rather than en-
closed by planes. The 19th century type of vertebra structure, composed of
almost one-dimensional struts, was by contrast twb-dimensional in effect.
Depth could only be achieved by the juxtaposition of planes and as long as these
planes were part of or closely related to the load bearing structure any condemn-
ation of' "flat-bosomed" architecture was but a vain cry in the wilderness.
The clear differentiation now possible between climatic control, load bearing
structure and space division creates a new and full three-dimensional freedom
which has barely begun to be used. While the wall served as column, weather
excluder and enclosure, this freedom was of necessity limited.
The new structures are still at an experimental stage; when imaginatively
developed and fully articulated they may yet create, structurally, a kind of
"Gothic" in reverse; spatially, a freedom far greater than that of the most
billowing Baroque.
Chapter III
The Present Social and Technical Demands
In addition to the changes in the design of the actual load bearing struct-
ures which have just been described, an equally radical change was set in
motion in the production of building materials by the logical consequences of
the industrial revolution. Parts are increasingly being made by the now estab-
lished means of industrial processing - the assembly line and the specialisaticn
of tasks. A glance at the pages of Sweet's Catalogue over even the last ten
years will show how great the rate of increase has been. It becomes clear, how-
ever, if comparison is made with other manufactured goods, that building mater-
ials must, if they are to satisfy economically the standards of performance
demanded, be wholly and not randomely industrially mass-produced.. This evol-
ution in which only the machine product can satisfactorily compete in price and
quantity has already occurred in the manufacture of almost every other useful
artifact and will, almost certainly, be accentuated even further by the use of
automation. In fact a great many of the products -which are virtually synonym-
ous with quality - watches, fountain pens, radios, refrigerators, motor cars,
trains, aeroplanes - can moreover only be made by machines. Our standards are
therefore being more and more set by the precision in manufacture and high
usefulness in consumption of the industrial product. The house is associated
with neither quality nor cheapness. Nor is it yet industrially mass-produced.
Attempts made so far have not been highly successful. There has probably
been too great an emphasis on simplifying the methods c' manufacture and
erection, while considerations of shelter as an object of use and of emotional
content were neglected - or if considered at all, outworn concepts too readily
accepted. The case is perhaps in many ways analapgous to the typography design-
ed at the Bauhaus in the 1920's : the sanserif types were developed as a result
of certain thoughts about simplifyihg the drawing of letters and the ease with
which type faces could be cast, but it has recently been shown that from the
point of view of legibility, the serif characters, such as Baskerville or Times
Roman, are to be preferred, since in use the space between the letters is as
important as the letter itself.
Inadequate research is of course characteristic of house design despite
the fact that personal consumption expenditure for housing exceeded $14,000,-
000,000 in the U.S.A. in 1947. Considerable work has been done on schools,
hospitals or industrial buildings but very little on the home. Perhaps the most
highly successful use of industrialised building methods can be found in the
design of the post-war schools of the Hertfordshire County Council in England
which were evolved as a complete synthesis of new educational concepts, the
social role of the school and an industrial building technique. As a result
the Hertfordshire achievement is probably the most significant architectural
contribution made in Europe since 1945. Nothing comparable has yet been
attempted in housing.
Yet it is obvious that such an attempt must be made. Our social standards
demand the creation of homes in larger and larger quantities. Adequate environ-
ment is probably the prime physical need of our societies and yet the most in-
adequately satisfied. In terms of numbers alone the position is frightening.
Professor Wheaton in his "Preliminary Estimate of Housing Needs 1955 - 1970"
has shown that even if new construction is at the rate of 2.0 - 2.4 million
homes a year, 5 million substandard units will remain in the U.S.A. in 1970.
In the peak production year of 1950 however only 1.4 million homes were con-
structed; given the same rate over the next 20 years, 17 million substandard
homes will still remain inhabited in 1970. The rate of production has to be
doubled if the next generation is not to inherit a legacy of slum housing.
Professor Wheaton suggests that "2 million to 2.4 million homes a year is an
economically feasible goal", that "indeed, unless we can achieve and maintain
a higher level of housing production, we will be unable to maintain full employ-
ment and an expanding economy.n" In terms of quality no adequate assessment has
yet been made. It is not difficult however to make some conjecture from even a
casual view of the public and private projects now being built. Few can be de-
scribed as anything but obsolete.
Most take little account of the social patterns which have emerged as the
result of changes in personal income or the widespread use of birth control
measures, to name but two examples. More important still, most are built in
such a manner that there is no possibility for dwellings to adapt themselves
to the rapidly altering needs. How rapid this rate of change is in terms of
space requirements alone, can be seen from the variation that has occurred in
household size during even the last fifty years.
Household by size for the United States 1790, 1900, 1940, 1947, 1949
Size of Household Percent distribution
1790 1900 1940 1947 1949
One-person 3.7 5.1 7.7 7.3 8.0
Two-person 7.8 15.2 24.8 27.2 27.2
Three-person 11.7 17.8 22.4 22.9 24.1
Four-person 13.8 17.2 18.1 18.9 19.2
Five-person 13.9 14.4 11.5 11.1 10.4
Six-person 13.2 11.1 6.8 5.8 5.5
Seven-person or more 35.8 19.2 8.7 6.7 5.5
A.P.H.A. "Planning the House for Occupancy"
Architectural desigh and construction should be flexible enough to adapt
itself to such mutations without on the one hand requiring vast outlays of
capital expenditure or on the other continuing to inflict obsolete or inadequate
shelter on the population. That such shelter has adverse effects on its inhabit-
ants has been shown by a great many social studies. An apparently trivial but
common example may illustrate that this is not only a matter of sanitary codes
but also of spatial arrangements. Dr. Paul Lemkau has stated to the American
Public Health Association that "irritations lead to non-productive expenditure
of energy which in turn ends in over-fatigue, feelings of frustratioh and event-
ually an attitude of giving up. The refrigerator which can be placed in only
one position in a badly planned room is an example. If its door opens the
wrong way, each time it is opened, there are useless, resented and most fatiguing
extra steps involved in walking or squeezing around it to get at the contents.
Irritability thus induced is not confined to the refrigerator, but is likely to
spread into a mood of irrascibility to be touched off by other situations.
Such series Of events are common enough to indicate that wherever the sequence
can be interrupted it is advisable to interrupt it for the sake of the mental
health of the family. In this sense, the design of houses and furniture be-
comes a mental technique of great importance." And the position has been per-
haps best summarised by C.-E. A. Winslow, Chairman of the Committee on the
Hygiene of Housing, who has said that tthe frustration which results from over-
crowding, conflict between the desires and need of various members of the
family, fatigue due to the performance of household duties under unfavourable
conditions - these are health menaces quite as serious as (if less obvious than)
poorly heated rooms or stairs without railings. The sense of inferiority due
to living in a substandard home is a far more serious menace to the health of
our children than all the insanitary plumbing in the United States."
It would seem that both the demands of consumption and the techniques of
manufacture require the production of shelter in great numbers; there is no
conflict between what is necessary and what is possible. For the essence of the
industrial process is quantity production and the essence of the physical short-
comings in Western society is not food but shelter.
To this need, the prefabrication of building components would appear to
provide simultaneously a technical answer and an intellectual concept, for it
alone deals in terms of mass-production. It must be emphasised however that
it is not suggested here that prefabrication will at once provide spectacular
economies in house building, that it will halve the price or even reduce it by
a third or fifth; only that prefabrication is at present the most likely meth-
od to provide housing which will quantitatively and qualitatively adequately
meet the demands of shelter. It is felt that only through the use of industrial-
ly produced components, can the varied and exacting demands of climate control,
of illumination, of visual and aural privacy, of warmth, of food preparation
and child care, or of cleansing be satisfactorily met. The design of some of
these components will be suggested in Part II.
The house is however more than an individual shelter, it is part of a com-
plete environment, part of the essential congregations of people in a comparat-
ively restricted nurnber of locations. An industrialised architecture has there-
fore to deal with towns and not with buildings; with the creation of an environ-
ment rather than a series of unrelated units. It becomes important thus to
consider these desigh concepts in relation to the likely urban patterns, a re-
lationship which if "town as homet is believed to be the dominant building, is
of first importance.
Chapter IV
The Emerging Fonm of the City
Prefabrication is n ot dependent on a particular urban form; nor is it
likely to create one by its presence.& The structure of cities is shaped by
forces other than the composition of their parts. It is important therefore
to discover the trends that influence the form of metropolitan areas and to
see their relation to an industrialised architecture.
The significant characteristic of both the technical and social trends
appears to be that of localisation. This grouping of particular and special
activities within defined areas is most likely to have visible influence on
the structure of cities. Localisation as an urban force has always been at
work : it has produced the markets and cathedral precincts of the medieval
towns; the governmental and royal complexes of the renaissance; the business
and office agglomerations of the 19th century. Its effect is becoming however
more pronounced and diversified as time goes on. Both the scale and scope of
localisation of activity is now greater than it has ever been in the past and
is likely to increase rapidly in the near future. Its influence on cities can
be most clearly shown by a few examples.
The Victorian child played in the garden of its prosperous home, watched
on its swing solicitously by its nurse maid, or chalked hop-scotch marks on
the alley sidewalk. Social forces since the last century have taken the garden
swing and the street game into the playground, a designated area within the city
set apart for that purpose only, concentrating within it the otherwise scattered
play activities of the children of the neighbourhood. The playground, the tot-
lot, the recreation field are now accepted urban forms.
On the other hand the technical forces which have determined the develop-
ment of transportation have created a diversification which has made the local-
isation of movement within defined dhannels essential. It was possible for the
packhorse and the pedestrian to share a paved space; it becomes impossible for
the motor car, the railroad, the aeroplane and the pedestrian to co-exist with-
in a defined area. The greater the speed of transportation the greater its need
for defined channels.. The car is being localised on the elevated or depressed
highway; the railroad has long had its specially mapped route; the aeroplane
demands clearly delimited and highly localised points of arrival and departure.
The mounting speed and number of cars is likely to make essential a further and
further clear cut separation of their movement from pedestrian flow. Similarly
the increasing use of helicopters and the possibility of vertical take off air-
craft for passenger flights will demand specialised locations near or within
urban centers. Each demand will make strong impressions on the city, especially
in terms of spatial arrangement. Particularly air travel with its absence of
effect on the space between the points of take off and alighting may radically
change the urban pattern which in the past has been so strongly controlled by
the routes of communication. Localised points rather than defined channels may
in future determine, the areas of movement as far as the town is concerned; the
railroad cuts surgically through the city, the streets with their cars set a flow
pattern for traffic and a series of hurdles for pedestrians, the aircraft above
the city leaves the ground arrangement unaffected except at specified localities.
Similar trends can be discerned in the fields of production and distribut-
ion. The mills of the industrial revolution which collected in a single building
serviced by steam or water-power the scattered cottage industry have in turn
given way to the grouping of factories in the industrial trading estate. It
was at one time thought that the cost of distributing cheap electric power
would lead to a revival of rural industries. Instead factories have remained
near the large centres of population on which they depend both for manpower and
consumption, and have only moved from central urban sites to trading estates on
the perimeter. The use of automation is unlikely to alter this pattern; it
will more probably concentrate the means of production in areas with advantag-
eous climates and thus still further increase the degree of general localisat-
ion. The placing of factories in special areas of the city is likely to clari-
fy not only the landuse pattern but to remove from the townscape certain visual
elements which have until recently played an important role within it. This of
course will be particularly true of the great manufacturing towns of America and
Western Europe which will become urban types qssociated with a particular epoch.
In terms of power production the trend is equally clear. During the Vic-
torian era the only localised power production process was that of carbon gas
and the great gas tanks, bulbous forms contained in gothic tracery, became con-
spicuous landmarks in the city. Since then electricity has increased the degree
of localisation and reduced the separate units producing power from coal. The
great power stations, often the size of several cathedrals, have become strong
visual elements in the cityscape. They can be found at the edge of the water
in every great city - New York, London, Boston, the cities of the Rhine to name
only a few. In England they have become the most dominant artifact of this
decade. Where electricity is derived from waterpower an intense degree of local-
isation has occurred within rural areas. The production of electricity from
atomic power at selected and shielded centres; from heat exchange processes
through heat pumps located at points with advantageous heat sources like rivers
or the sea; from the action of tides or winds at geographically suitable loc-
ations or from large solar collectors is certain to still further increase
this already developed localisation of power production.
In the field of distribution again the increased mobility of the consumer
has enabled retailers to group themselves in convenient complexes. Both the
general store which catered for the day to day needs of a small section and the
more specialised shops have come together in the "regional shopping centres".
Personal purchasing is becoming a more localised activity. The visual variety
provided by local shops and the break up of the urban pattern into comparatively
small and recognisable service areas is likely to disappear. Instead large
sections of the towb will probably be serviced by a single shopping complex
which may rely on bringing its goods before the public eye on mass means of
communication such as the newspaper, the radio and especially television.
The few examples quoted so far may be sufficient to illustrate the trend
and effect of the localisation of actitity. This trend, it is believed, will
increase both in degree and scope, not least because the population curves
suggest that the form "town" as such will become more and more widespread; cities
will not only change, but grow, and with them the visual forms they represent,
whatever these may happen to be.
The form suggested by an increase in localisation is one of grouping of
clearly defined areas carefully related to each other functionally and spatial-
ly. It is an urban pattern with a "coarse grain". The haphazard agglomeration
of shapes that accompanies multiple land use and the close proximity of varied
activity is certain to give way to separated areas devoted to specialised pur-
poses. A richness of urban life, a sense of excitement from the juxtaposition
of differing scales is likely to be lost. The pleasure derived from the near-
ness of a vegetable market to a cathedral or opera house, of a timber yard
wedged between office buildings or of a cemetery on Wall Street must find satis-
faction in new forts. Visual richness may have to be achieved not through a
fortuitous sense of immediacy but a careful arrangement of each specialised
area and the sense of surprise, contrast, variety achieved by moving from one
such area to the next. Pleasure will come through ordered progression and may
well be of a type not normally associated by us with cities. The urban form
can still however remain the visually most exciting artifact so far created.
Within the areas of housing, of industry, or of shopping, prefabrication
can perform three important functions : social, technical, and visual.
Socially, industrially produced components allow, in view of their closer
engineering tolerances, an ease of handling and a degree of demountability
which makes change more possible. Eaqh area can therefore be in a continual
state of internal development adjusting itself to varying needs. It should not
be necessary in future for homes to be occupied in a manner quite different
from that for which they were desighed; the vast and inefficient process of
conversion which for example took place among the brown-stones of Manhattan,
the stuccoed Regency houses of London or the brick buildings of Boston's Back
Bay must not be repeated. Changes in family structure, in size, in cultural
habits or social standing all demand simultaneous changes in the shape of the
environment. The ability to vary that environment becomes thus essential.
Mechanical devices already allow of a delicate control of temperature, humidity,
air-flow, illumination. A similar effortless control must be approached in terms
of space. Adverse conditions of temperature or lighting affect not only body
comfort but reduce personal efficiency and have lasting physical and psycholog-
ical effects. As was suggested in the last chapter, adverse conditiohs of spatial
organisation have effects in no way less harmful. Any system of prefabrication
must therefore, if it is to be socially valid, allow for the manipulation of space
to be performed simply.
Technically, this demands some co-ordination of dimensions. Mants vertic-
al space demands are far more restricted than his horizontal ones* The height
of any domestic space can reasonably be confined to a very small range; three
given heights between ' -6" and 121-0" should for example adequately take care
of a large number of situations. The length of that space however must be far
more varied. In terms of prefabrication, it must be composed of a series of
units building up to the desired length, or the complete space can be manufact-
ured in advance. The latter solution, though most common in practice, is ex-
tremely rigid in use, permitting of little planning variations or later change.
It is therefore considered unacceptable for a system which is to permit consid-
erable space control. Horizontal dimensions of the components will thus also
have to be co-ordinated by either being multiples of a given unit or by belong-
ing to an arithmetic series of numbers. However, if the separation of the
various elements of buildings can be achieved as suggested at the end of Chapter
II, structure, screening and equipment may each have their own modular system
with only a small number of specified points of contact. Modular co-ordination
will be discussed more fully in Part II when desigh concepts are considered.
Visually, prefabrication can provide the variety, richness, colour, pattern
and space articulation which these single use areas of cities undoubtedly demand
if they are to provide the excitement associated with urban forms. Chaos must
however not result. The modular control and the selection of materials amenable
to machine production which are inherent in prefabrication, unquestionably pro-
vide some cohesion. This can be reinforced and a visual excitement created by
juxtaposing these geometric machine-made parts against the irregularity and
freedom of plants and the ground. A very simple and clear articulation should
be made by using natural materials such as stone or brick near the ground only,
really as part of the landscape, and posing against them in the vertical plane
the precision of prefabrication. This is both technically advantageous and
visually satisfactory. In the urban scene prefabrication in no way hinders the
creation of related spaces* On the oontrary by keeping certain elements either
identical or similar not only can a visual continuity be provided but the effects
of space as such become more marked. Prefabrication can become part of town-
scape and one of the elements in the design of urban areas. It must be recognis-
ed however that its visual quality will be different from that associated with
masonry or concrete. Where the traditional materials provide the sculptural
quality of space carved, of voids hollowed out, of mass and rigidity, prefab-
ricated components have the visual richness of the addition of parts, of the
frequent juxtaposition of planes on a facetted object, of small areas of colour
close to each other - contrasted or harmonised, of change and repetition achieved
simultaneously. If an analogy is to be found in painting, it m ight perhaps be
said that the architecture of the 1920's and 1930's - of the Villa Savoye or the
Tugendhat - had as its painters Braque, Picasso and Leger, and that that of pre-
fabrication - of the Hertfordshire schools for example - is more easily identif-
ied with Mondrian, with Miro, and especially with Klee.
It was suggested at the beginning of this chapter that prefabrication it-
self cannot mould urban form; given however certain notions of the changes and
variety within buildings made possible by a system of co-ordinated components,
altered concepts may have to be applied to both architecture and city planning.
The field of activity of both may have to change.
If a continuous adaptation of urban environment is assumed, this process
may occur in a number of ways. It may be no more than the haphazard alterations
continually performed in a shanty town or the movement of units in and out of a
trailer camp. It can also however be a gradual process of change set against the
more stable background which includes both the functiohally and symbolically
more permanent elements of the urban scene. If a sense of community is desired,
some stability of background becomes essential for this sense only becomes
possible if there is a functional necessity for interaction which itself is
usually only occasioned by situations which have a degree of permanence. This
aspect of stability should find some symbolic architectural expression which
will at the same time make the historical continuity of a particular town a
reality. For history not only builds the town, but should be read from it.
The clear separation of the various elements of a building which has al-
ready been suggested, makes this division of variable and semi-permanent easy
to achieve. It is suggested that structure, services and the routes of communi-
cation be established as relatively fixed and that screening, that part of a
building intimately in contact with people, be changeable. What is suggested
is an arrangement of platforms on the ground and in space, cohnected to the
supply and disposal lines and determining the paths of circulation, on each of
which the prefabricated components are disposed freely.
Technically, this makes for structural independence of the individual
house units. Each is related ohly to its own datum so that changes within it
leqve neighbouring units unaffected. Moreover if a new datum is established-
at each level, dimensional tolerances of the loadbearing structure need not
impinge on the machine-made parts. The service lines of the structure could of
course be omitted if t autonomous self-circulating cores" were provided. At pre-
sent however these still suffer from the disadvantage of not being completely
independent, relying as they do on the delivery of small amounts of fresh water
and the occasional removal of the dehydrated waste. Urban planning having just
freed itself from the tyrannical demandr of the garbage disposal truck by the
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invention of the Garchey system, it would seem -a pity to make it now dependent
on the movement of the water cart. It may at the moment be more desirable to
provide self-circulating systems communally or to make modifications in the
self-circulating cores which would allow their attachuient to very simple and
flexible supply and disposal lines. They might usefully also be operated in
conjunction ith communal solar collectors or heat pumps.
Socially, the disposition of elements on these platforms whether on the
ground or at a higher level must be such as to provide a real freedom of choice.
Studies of housihg communities have shown that social contact and communal sat-
isfaction are to some extent dependent on the relative position of houses and
the paths of circulation. Social groups are thus formed and particular patterns
of living established. Families should however be free to choose whether or
not they desire to be influenced by these chance social contacts, the effects
of which are, as William Whyte has shown, more far reaching than at first
thought. It should be possible through a personal manipulation of space to
take part equally effortlessly in group aativity or to become a deviate without
at the same time being branded as an outcast. Architecture has not only to
shelter man from the physical elements, it has also to protect and enhance his
personal contacts. It has in addition, if it is his immediate shelter, to
adapt itself to his personal psychology. Different spatial feelings are demand-
ed not only functiohally but emotionally.
In terms of the wider social organisation, the use of prefabricated elements
may also be of some importance. About three quarters of the population of the
United States have changed their address in the ten years between 1940 and 1950.
In view of such an extreme mobility of population it may be advantageous to have
also some mobility of shelter. R. Buckminster Fuller has suggested that in a
mobile civilisation housing might be providdd, like the telephone, ons A rental
basis by companies throughout the country who install it quickly when and where
needed and remove it again when no longer required. Although this suggestion was
made in connection with autonomous dwellings, the method would be equally applic-
able to the prefabricated components which constitute the immediate personal
shelter within the established framework. In view however of the large amount
of personal property which would still be moved from place to place, and which
in any case through its familiarity provides some of the satisfaction received
from the immediate environment, it may be more reasonable to suggest family
ownership of the screening elements, equipment and storage units and public
ownership of the platforms on which these components are to be placed. Housing
elements might perhaps be considered more as furniture, as some of the simple
moveable objects of use, rather than as the permanent and rigid walls which
circumscribe our actions.
A great deal of population movement obviously happens within comparatively
small areas, from the city to the suburb, from a smaller to a larger house with-
in the same neighbourhood, and thus the problems of adapting the cdelling to a
radically different climate are not likely to occur. Many of the moves however
are from one climatic region into another, in the United States for example,
from the East Coast to the West, from the North to retirement in the South,
from the farms of the Middle West to the towns of the East. Adaptation to clim-
ate becomes essential.
This, it is believed, can be achieved by varying the actual arrangement of
the screening components rather than by providing alternative ones. Both in
New England and in Florida the weather is after all composed of sun, precipit-
ation and air movement and these only differ in the two localities in amount,
intensity and seasonal distribution. Complimentary changes can be brought about
in the arrangement of the house to exclude or admit the weather. In traditional
buildings for example overhangs, shutters, fly screens, glass windows and shades
can be found throughout the country, it is only their size and relative position
which differs from region to region. How this adaptation can be made will be
discussed in greater detail in Part II. The extreme variables of climates will
be modified, as is already largely the case, by mechanical weather conditioning
equipment. This will probably in any case, if the conclusions of Tamas Vietor-
isz, recently published by the Albert Farwell Bemis Foundation, can be substant-
iated in practice, be more economical than elaborate structural devices and
certainly provide greater comfort.
If the same components are to be used in widely differing climates it
should also become possible for manufacturers to produce in the quantities re-
quired by industrial processes. Le Corbusier once visualised that #prefabric-
ated houses will come from the U.S.A. or from Sweden, as dates from Biskra, cod
from Iceland or spices from the East Indies." In the imrmediate post-war period
Sweden sent timber houses to England and at present Great Britain has an expand-
ing export trade in prefabricated dwellings, particularly to Australia and New
Zealand. It is believed however that this market as well as the market of the
American producers could be expanded and the usefulness of the product increased,
if instead of specialised units, standard components were to be manufactured. A
widening of the market would, as it has done in every other industry, bring in
turn a rationalisation of production and a lowering of costs.
The creation of two distinct parts to housing - one variable and private,
the other permanent and public - may affect the role of both architects and city
planners. The traditional domain of the architect is the design of the single
building and that of the city planner the subdivision and allocation of urban
land. It could therefore be argued that the placing and arrangement of the
permanent platforms should be decided upon by town planners. Not only however
does this arrangement demand skill in spatial manipulation but the architect
must, if he is to create an architecture relevant to the age, deal with more
than single buildings. The town is the dominant building and the relation of
spaces within it is one first architectural problemwrequiring solution. It
falls to the urban planner, assuming the localisation of activity, to decide
-n the disposition of these areas and to formulate values and establish per-
formance standards to which the architect must adhere. Through performance
standards the planner can not only adjudicate between two moral rights, the free-
dome of the individual and the safety and well being of the community, but de-
cide on ends and administrative means, though not necessarily on three dimension-
al concepts. The clear formulation of these values and standards is probably
the first duty of every planner and the task requiring most immediate attention.
The social and technical forces, determined almost wholly by the dominant
philosophy of the age, are shaping the city into a particular general form.
Within the given form a great many choices are still possible. The first choice
is between the creation of a fixed or mutable environment. If in addition,
change in the physical envirohment is accepted as a corollary to change in
social habits and personal feeling, an altered architectural concept is required.
It is further believed that at present only the use of industrially produced
standard building components can conform to the concept of variable space.
Future techhiques or social upheavals may well make the last statement obsolete.
In the meantime however it is considered important that the design of these com-
ponents be based upon not only considerations of economic expediency but also
on those of social necessity and personal needs in a wide variety of situations,
It was the object of the first part of this paper to place these needs in their
proper context, it is the aim of the second to attempt to show some of the con-
cepts which might underlie their detailed design.
A review and formulation of the town planning standards and values
mentioned at the close of the last chapter is being undertaken by Rhoda
Brawne in "Urban planning standards: a study of theory and practice" (M.I.T.
thesis for M.C.P. degree 1954) who also suggested many of the points express-
ed in the foregoing paper.
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3-h" 6-&" 11'0n
Series III
3'4" b been tem s the firet tem Isa 54s series
Someas sem t outmrm to the restowgular M-.amas outllea.
3'4" x '6" and 6'8" z 6'8" penls far the fler ad esaliS grid.
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1C00 --- -
6'S---
hleght dimnions ame taks frm botb seri"
Fnowarnd e=414 dimm-n-a we mltiples of 3'4 tins
3'I" 6'" 10'0" 13'" 16'9- 20'0" . . .
fCoor ad aeilg ame aaqe ringed b a trok 1'80 wide so OW scrmmin
di amtem ae floor dimesis or floew damsestos plas l'P Whws i
5'* 6'4 12'8 25'0* 1'" 21'8" ..
5 seadL
Swoming is omaide the floor and esillng grid ed alwes slides a treckS'" wide. Trkas fare teetlaing Jutim at oosmere and trask lvegtb are
aleWs floor diamaesi er floer dimensin plus l'g.
te s'ide i idoew as. Dtjm.sam that are m.tiples ,f
. I both directi'es e be frmed by the dtIm o1 f Iet" n - -senams.
botrn we of te it tie perat plWene iAtalso be dimersi _wtha~m OI UI"jat 3'..
Model*
Fiow thMm -s tl'8" beteemm esiling me flor modle elo. t for
tim in etesctern esl depth.
8 Models
Iirts etal and! Tertica, se:ric duct:- f-r pArt of th, ;- :.arnt StrIc*u 1.
-:rihtaicts I avw ut eta at say l, ', " oerAtmes t NI.et) f-lexib-e s-r-ic ripe fr-. th individua, . es can be att.chd.
Flatfor-, sk , -cte by the lift slet tchrdque a b. made f r -r; - f
c rt - in , - ; t - 1 b- ste sIk 1, t , tubular - t-
freme tra.- 3, Awo -eI1;eter fibng-as b.x sectima.
Single -t-y structo- , - .ad on lo- platfrm Inc uding t, utillty
lire s ary are c -d -y a s, Tiarate satlosr =cluding cover.
3.4rested rt- rials are, for t ,s3nactr, tubulr steel, f r the rain-1 of cover, a tout transpant polyester .iet sucha "1-I r D", and fo
the sun shie I', wooden or metal a: at, tamboc or samniam thread cl',tk.
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Floor, s ad screening elmment arehidentical forsingle mid multi-i
storey C ding. In each cse th" rest indeperdenftly a a tnactural
platfor. and are pressed against the upper and loer sm face, f the struc-
t 
tre.
11 Sinacture
outer screening is in the form of sliding doort. thwse mo On the iurr
six upper ad or traks. The tw outer tracks carry colone 1tiah .ur-
p-rt the weiling. The floor i- -edgd nt. the loear track b.the
oil . sed to th' 1 A bot section fits ritmah r
track ux is pushed upards to t screening plans againtper=ant structure. A water-pt.f mbranie, shioe should be trnapma-et
In sing.* storey structures, o.ers the oeiling and to mode tot as the
two upper boines a pushed apart.
in alevamio sldig screes are Wnstrisal abat the MiaUgm so tha tbey
OW be used either Hg up. The deap grwoee mt be planed upper=ost so hat
srn- Mg be inserted by raising than wfficiently for the 1er groeve t
ear the bott~we track.
Srowe Materials bould be lightoelgbt to make aldi easy. For traneoaecy
a po-.~te meet could be ed, for Insect proofing and sunshi.-ding evn
" or fif Ionfor opmene ad beat insulation
13 Saeeming
hM llaim eotion tmoahm earrow groove abm a transparent t
s& as e lar D be Upt teat by the rerx-tre gJelas bead paten-
ted ad used by Steelbilt, Inn.
Prif aotion weather ttrIopin o aainst teak em2a== druqpt and
driving ain. Ieep bole$ I the tower track box at r seam
are pped with ber sort& mless pe met veti ia Simd.
l4 Screening
"he el mim matoo of thO deep groom bme a sld Insulating poel
kept In plame by th own glaming bead. If wcream we not to elide thw
V bg e II Ito the trunk. Tho is aise intended to prewida part of U
1 ream
creem Pull
Geshot bI0mn ld -
DrIving To" -0410ges he abt.
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Uutdoor lighting units e W be scree d to the upper trask. jtlets at 6'oentres are provided in t pper track box and are conneted to the rin
rcuseit. Veostian bnda, artains or shades we be oe d to the Inner
track.
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Oo 0o Oars the asil! rod as, sar toe to he imr and out-r tracks
positio pper md loer task bome erstsea&3. Colemme are tpped
A predetermined positicns to allou r oVaris atteshwsts.
2 SasAft
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F oor pens are nedged to each other md root an the streturai plat-
fors. vexib service pips - possiblY siliome plastic - are clip edAWfttrzm a 5~ i1 Ou a 4 it the uoor m in ba -
22 Floor
Fsrs 3 or )84" x ri  ute0 Pa6els
Sie.ar 3t41 3-4- Pi.s . . illed to take saotlr et"e. e-is
VieS outete positios identioal to these in thU floor pal over whh
they a pl
23 flor
siling pels, 'i" s j" or 6'8- z 6'0*, ar bld in position by bpig
& elctrie *l ring Is p in the etresi M.
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14rthts of C.IJIAg extrusion are joimd by telos2c.ic Junction boas. Ea-
tusas er. tensioned to each other by tightening t-o ba a. ip ed ato
the ends against a sp-ing or nubber mountiar hold beten th.
Sim1lar junctimS are mode in the track bone of t.e ut, 't ac, ex-Ing.
2 eim-ing
in te esiliag of single tsay buildings are trimmed by a S"-
p Fpusq o the loser aterproof .smbrano psdness a tstm
A = 604. chmel end a g.s.kt ovatig a.e proidd.
27 011img
The.1 estlo estrusion fit. s thin th imer esd of theer trask boo.
1t los to- d to it b, tiotenlag ba0 bars at r1 t, S.aasto aOotlr a e ntt . Th ring etoetdes cirait is joaed
2e, Cullg
T~l
y [.1'
z4*nigs baI ae awl'o and fleer =m trimed l a section 0d1.1 is pres-
ed ti eaLiM. salsual 6 Ust sad of to b e.
am btsmitm I tstas a. Iwo for dimmasiaditj~oA hadrei mtiag is prsoLdad.
26 Caiame
Commse of the . forn struotare are epsed by a catouAs flo r toosiliqg mit fittiag within a : th" X peri. The caing. lia-d with
scand absorbing naterilo stands l.ar of the colmn so s not t, trans-mit otrictura borm soiid mid to alloo for d.emiava] tAoleranes. Theto parts of the casiog are aonmsd to eoad other.A nomber of opening sines ae provided to account for differ at col
dimension.
2- Coiling
Cmboardes Including ktohs mIts, horm on their wper surface a aotinous
openig to posil their attam mv to to ellang estrasI a.
All spos divisions share so d isolmio is regrioed are sod by cuboard
mnits Mob slms hm ass Md rigidity.
,ghoards me te--e.-d to the ol. im hich thr; o p to support end to
.. 4h they proide lateral wind bracing. Thoy am sa" tensi mod to the faoor
.hem passed oer otindard 5ervise outleta.
31 Sgawiput
If thi osioig spa Incresses bemd If 1' s" is eitbr directi-e 0. r-
ted bj door@ Lr cgbsordG sham in di -2 and -. , tohs prsnlg
aeuinst fio and sellng met be ins Tubes 1hav left and right
hbad throads at one end which *tan turned pashes the round dimes agisot
flor mid cal Ing.
og be inserted a er sl amg th esilitg eoxtrsio ad ma be coup-
D fi to cary furmitm fittlogs.
30 .il!ng
m ard an te.io.ed to the sevil1b tidsteing a bar so"theo
soinog saoosia. Tb. seing e itr oloit 1s oined theod -
boaod miring.
Imoa, boring my prit costae 1h the selling, god ot be plo-
sod on floor old 6.1e lis and m van am m ale providd thb
straddle on or oe Ants.
1 Oduimet
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4- ti
Ao. ar I into. hinged ad free standing to allc. fo s d at si al toll n
003. The pintol is In the shape of tube pressed against the fc r ar1 col-
l. similar to that down in diagr- 30.
The door is edged by a small rubber tube tilled ith o. resed air. .hen the
door hads is closed it ;ress maast a .- am -his. incas . ; re
in the ring tube and thus tightens the - I ;:int surrounding surfa.
33 quismant
Tuil6 asimbls ae 3Is a 3'b' in pL4. Folding samIZ doore tmnrdg in-
wade ge m so that th ambinet mo be an independemt mit. A smivel-
l1g test d e Vhe toit bowl is inclded for hamewasing. VmatilaioRn
Is antirely artifiMtal Md is I a 3i14 -isalsI semst fan ad sin mo th
==se ..- 2 * dimcter tabs. To fa morts in nejintim with the Light sitdh.
35 e-*mt
3tairs am free standing and e.f supporting elas ate only attached to floor
Me cal Lng in & sener sdiiar to the sestion shoo in diagra 2e. Troads
harv fras 3m so that ar-ious types of treads - -d, mtal, carp. t come-
red! 'tc. -a L insertad.
Ciullar staIrs fitting ithin a ('E x- sqe.-- also proided.
3A gPutes nt
The toilet amint is attached to the standard sorrios outlets of a 3h"
1 3 '" servies tvp. floor pael and OW alea be used to join the oeiling
etris siramit to the main sply lips@ bela the floor.
T toilet bos innldes a ater operated grnder and is simaar t ise
bcwl mods b Ma~herson lc., Chicago. SvW aW be diepose tbrows &
P* diameter tb.
3 grpO- mt
Tbe abseer and ahbain wait is a self eastmaned .1---* 5-'t a ',0 in-
plat. The unit inclaaes a high es.oeity Za and Is attached to the floor
9re. Ims like the toilet eabiat. The abeer foor manures 5 4
the diag e d mu be eed an a bath.
Forced hot air for drying purposes is provided balem the slatted floor.
da -uter smeen .th a standard flae opeanin to take wsy Mad of firsepaoe
no be placed between the trak bones. The aotaide odumey is syap ted on
an adjustabie U tecoi e tripod and i stqad to the psa..
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Diagrannati plan md stiat of buildiag L teaperSae -E
Dingrmtc plan ad setiam of buildg In Mrdeal Smo
Floor and cealtit ar rigid ples ring temnened. They are kept apart 1y
columa. on the amaen tracks and by twbes pressing against the upper aid
.amer surfaces. Lateral aind resistamee Is ivan by rigid rancls between
the tracks and by rigid saeboard mits tamined to flor od ciling. The
traced box thus a'eatad Is then pressed egaint the uper and loer per-
ammnm Strature.
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Sore aims lost oonm to the ssetagular diaansiem outlin .
J'" x '" and ('8" a 6'8" Pols foe ths f:oor and - aillag grid.
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haight dm sons arm aen frma bot. seIets
Floor asd ciling dinsims ar, .tiples of 3'4" thu
314 6.8" 10' 13-h" 11.8" 200" . .
foor and oei.iag am aws ringsd bw a trak It8" id. -t h e'eeifas
dimsi.m flyr dmensima w flor s---wem, plu 1'8" thus :
5' . 6'1" 116- 1'o- 1s'I" 2 " ..
5 Lomft
Vlanr md MIiag grids are idtieal. D-asieic Uat ar m. ple .f
. 4" a bth direct! s em be foamed by is adition of O'' M'
th b pe rm en of tlaiOriE -ust
&I.d-
Scsum la is ouside tse floor sd eilling grid md alss, slides an a traek
l'6" wide. Trosks fan boomtin justicns at onsrs and trek legths arn
aliWe flosr diams5on or floor d.nsam pls I'a.
Floor tMe-ss is 1'8P b e es51ag sd flor modele to alo for vrit-tio in strustural sla dspth.
8 Modsa.
Horisntal and vertic&A Service duts form part of the peranent struc*.us.
orisont ducts Iav out-eto at sMy 1'00 omntrs to dich fl3exible r-
; ice pipes from the individua hans can be attached.
Platforms my erected by the lift slab technique and be ade fir xmJIle of
concrete - ia stu, z -c-St - I bas stel skletin, tubular metal sace
freo trusa-a, plywood m polyester fibrng as box Sections.
9 Structurea
a~jjj
31le storey structur 3 a- . 'aaed m lo platfc,,s in.ung tha utilityline. and are covered 7 a Separate *Other namluding cover.
Suggested materialm a . for the strcture tullar stel, for the rain-
prof cover, a taut transparent polyester Sheet such am war P, and for
the aun shied, oode Or total W]ate, bedoo or A1ELE- threed cloth.
10 Structure
Oater e ,Is In the om of oildin doors. These No- OR the imer
siz upper and imer trees. The two eater traska oar o170 13i4 h SOP-
part the esiling. The floor is eadme uthe later traek b0thU
o .a S f ithin %era a pused ard the ee.te against
permment structure. A water-proof mnrm. ieh be transparvst
In SI. . Storey streetmo oover the siling Bd to 1 o test ON th
two upper boe an pushed spar6.
glorWa selpa e1emen+s are identical for Birgit ed multi-
s=oIg s-Mis In Seau the rest indndtly an a structural
platform Mnd are presed egainst the upper and later Surfaces of the StrUo-
to".
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In elsetiam sidig sress se qoetrieel amaut the iSAAa s. that they
my be used either ew up. The deep groome met be placed upvrwet so that
screams ma be inserted by raising them sufficiety for the ~r groove to
esear the bettom truck.
Scrum materials ebould be LIget.si to make slidig easy. for trerarery
ae peseshoo elcoueld be used, for iseet prooefing and sishei- ding -ofo em and belton
13 saesming
4,
The fui.1 else motion thbr th morre geoes ease a transpermt shet
sc us - Ilar D * be kept toit by the remr.4 ganing bead pter--ted md ueed by Steelbil . Inc.
Sein etion seather strippiar aenst the track ei* odru- anddriving rais, deep Ioles la the 'einr track bee4 1= 1 - ~ e 'namstped "th ubnber corbs m e por ox rtea
IL sereedmig
scrum pal
.... t betm.......
Driving raid edges the -a .
T. fll mie setio o the deep puaes @bam a 8s3lid aemung penal
hpt In plas by the - g1aM- bigead. If sersum. e met to elide UW
I to the trek. Tha is eleS Istmeed to prelde prt afe
15 Seemin
16 seaemeg
0"4-o = ZUtui ate be inut to trae t:&. mt at 6-a
emstre m pev 10. IMr ,e bee mmeted to the rUS
cirait. Vmitim bdaft, votel somw~beeeued to the Imme
17 skeedm
01 to Carry *Ae coIllef ea , sceed to the line, 80 Ote traobe
ma Position the Mpwr -?loe tint beie eewieUss . C01%= am t~ppd
at medetormlod P-ition to A1lece et .eetee mkoftms
u~ 3orenef
serams IjJmil"Jpl
Severnl Jdt 1
COrWr eeoin Join trookh I eein1 md external tuwie v~sh am Idea-
tie&,. Ompboards a be aLad be theU 1mw fan ef tafteml el. b as
beveal m toewee1 ee one" met ie .
19 sceamEelg
lawe. ad 1mw st~s mw be anamtd to *uinm eei.s bmWd~me ad
30 8eGe-
-0
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Sinftso 
-iidefloor or O5I).if. is r.Tiwd. b otr .5ig JtUsd 6 n dfcf U.. so =reqpm asimt taw.
seed~ 1. fiseg ~~i~dbe provided to msot for Wetim
21 3oreemming
V.5w Panss am w..d to emb WS m rest OR Is 'ltisl p~st-
forms. Feileb mervist pip.s - pegily atliam plautic - ma alip..d
udw .?g. =009.43M"E t ga"W' t4 flow we me" bw-
22 floor
Floor jme ars W~**3t. r6 e 1'8
SPola 3'i1 z3Z5p . r drill~ to take mervlse outlets. Pineas.
rtin td= P" Cme idemiles to those. to time floor pas) Waer ub
23 floor
Genift pumi.. 1-4 z 3-4- or 618 z 6-0, amnhem in positio by b.1"~
.st Mods b
TeIr i .s meoww~ Ow with paper sed werner or rie. PtwI.
~estiees1seems uf~~-ineretictai mel sksorptlen.
to is s OLCW.5
Laghts of ceiline estrusim are Joined by telescopic Junction boues. Ex-
truion are tensioned to each other by tightening t-o batr . Ip ed nto
the ends against a s-ing or Ibr mountinr told betro thr.
31-'1-- junctisn ae eade in the track boser of te out. 1 c er-ing.e
25 CA.-i-g
'be o.Illog aztrusica fit& eithin the liner ead of the u. or track box.
It is t, eemed to it b- tiattening to tars at rit t es to oeac
otter against a spring ittieg. Th ring elct-el cirrult In joinedto tir calling iring.
2 Oeiling
T ---
in the elling of Sigle stesey buildings an, trimed b- a see-
IT l o pas an the lner waterproof membrane produces a taut
A 6 in el and a gasket mountdag a.e povidd.
27 C1lln
.<nings between calling and floor am trimd by a eotion tw1c hIs pswe-
.d to h oei.tg extrusal a and wedged S the end of the floo 1. Geo-
ar between It bad the strotural a1b a-lowe for dimnrglal
A handrai mnting ia provided.
26 Ceiling
Sp otntw mn snned b;, o ttineus fo r tocalling umit fitting ±Itoo a 148 1 * pan.. The casing li. 4 t ithsound abston materials stand. clear of thocolam m o t t, tcram-
mit structure borce soud to oi-% for dacimc] t~lmoooc. The
too Prt of ths easing a. ca.ed to eac, ,tta,.
A nmer of opb.ing cl.e .m proided to .c.c.t for differ t col,rdi2erlolng.
21 Coiling
If the cal.0it opa i ereses be and 1',&" is either dirci-a mr4pr.-ted btr doore r eogbade m sh to iagm 2 and .2, tubs pressing
agciat flot and coi1ing mEat be Insere Tb IW Lo n fad right
had to.da at co .. d -*1eb cot t-rned p--h-- t - dies.. - mg t
flo, and oel Ing&
m; b ins.rted n ,e a&I the ein, emlng s ela ,d .. be em-
D: c to .a ,. ,. mftu...
)0 -eling
A
Cwsbomrle, insindig kitcen uits, bme m thir iper surface a Otlaot
0penit to pesat their atteamat to the 01106 emwi 4.
All spm* divisims he sound ooa-om Is o ired are made bt amboard
unit. wI8 ame bers me ad rigidity.mLoard We ... ensnd to the ee. 14 &i& they h-p to support ad to
4Mib the prvide lIatral wiad bresm. lhe ae also tonalwed d to the flew
oh.e pasmd ~ stadard moe.rs motadte.-
31 Ego1ms0
' ad e eiod to lh. n tby itanI" a bar the
emillt emrarsim. ne-millme .1 eireat is Josied GIP-
, ely pod.t sadast with the selling, nad not be ple.
end an nlear and tftp ime 1 mand MWN at NWe 40111 PPeided Ib
straddle am or ma e m .
32 annpuaL
Doore r pintoe hed ad free Otanding to um for dierei~msl tolerae-
me. rh pitam is in the hwe of a te pressed agaist te rio r md eeL-
1mg. eiMI1- to that dme ls disgrm 30.
the door Is edged by a mall saobr tAe filled with empreened air. hen the
dor ho-l- is elosed it reseem against a 1-mam shieh incresce trOseOre
La the rifg toe md tiaee tightsoe the lo,.r qvsImt esTunding mrfae- a.
33 r-n.
jtairs are free oamidig amd @Ift separting 6lamate Mnly atteShed to fnew
ad e, in in a mer SimiIar to the eaotim ewas in disar 26. TreoeS
bose frn asl go thet variaw pm af tausos - woed, ntal. Get e-
red eto. - SW be ieomald.
Cirelar stairs fittigo -stab a 6al z C'* epa.se aimS prowidd.
3 - UIg --t
0
0
- .q m -
Te13o6 00iamte 3'6 = 301' Io pLam. pAFoles slsasa deo tamg i-
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